INTRODUCTION {#sec1-1}
============

Prostate cancer is the most common cancer among males in the USA.\[[@ref1]\] In the UK, 134 new cases were found in every 100,000 males.\[[@ref2][@ref3]\] To diagnose prostate cancer, a prostate biopsy should be performed. Trans-rectal prostate biopsy (TRPB) is one of the most commonly used urological procedures and the most common to diagnose prostate cancer.\[[@ref3][@ref4][@ref5][@ref6]\] TRPB is associated with many complications, these are usually self-limiting rarely fatal\[[@ref7]\] and mortal.\[[@ref8]\] Many studies showed that prophylactic antibiotics (ABx) in TRPB decrease infectious events.\[[@ref9][@ref10][@ref11]\] Prevalence of ABx-resistant bacteria has increased in the last decade, this increase has led to more infectious complications and hospitalization rate.\[[@ref12]\] In Kuwait, the incident of septicemia after trans-rectal ultrasound (TRUS) guided biopsy of prostate increased between 2001 and 2005 due to quinolone-resistant *Escherichia coli* in a study conducted by Kehinde *et al*. 2013, it was found that the addition of intravenous amikacin to quinolone decreased the number of septicemic cases.\[[@ref13]\] In Australia, a study conducted to estimate the prevalence of ABx-resistant bacteria among hospitalized septic patients after TRUS biopsy showed that 41% of septic patients had multi-drug-resistant organisms.\[[@ref14]\]

Prophylactic ABx for TRPB is still an issue of debate, different regimens were recommended and studied. In a survey conducted by Davis *et al*. about preparations for TRPB, 80% of responders provided different techniques and preparations, but the majority of them prescribed prophylactic ABx and used enema.\[[@ref15]\]

Oral prophylactic ABx in TRPB are not inferior to parenteral route, in a study conducted by Roach *et al*., patients who received oral ciprofloxacin had significantly lower rates of bacteremia compared to patients who received intravenous gentamicin.\[[@ref16]\] Cam *et al*. showed no difference in morbidity between oral and systematic ABx.\[[@ref17]\] In a Canadian randomized controlled trial (RCT) published in 2004, there was no statistical nor clinical difference between 1-day and 3-day regimen among patients who underwent TRUS guided prostate biopsy.\[[@ref18]\] In a prospective randomized study with 236 patients enrolled, 1-day course was associated with low events of febrile infective complication, and there was no difference between the two regimens in terms of elevation of white blood cells and C-reactive protein after TRPB.\[[@ref19]\] The EAU 2015 guideline for urological infections states that 1-day course or even a single dose of prophylactic ABx is adequate in low risk patients.

Therefore, I decided to review recent RCTs about oral prophylactic ABx in TRPB. To my knowledge, this is the first systematic review focused solely on oral prophylactic ABx in TRPB.

Objectives/aims {#sec2-1}
---------------

To evaluate and review randomized prospective trials performed in English, during the last 20 years (1995--2015) about prophylactic oral ABx which compared different types of ABx, and different duration of therapy in TRPB, to prevent postbiopsy infectious complications (bacteriuria, urinary tract infection \[UTI\], fever, sepsis, and bacteremia), hospitalization, and prevalence of ABx-resistant organisms.

Registration {#sec2-2}
------------

This systematic review was registered with PROSPERO, registration number: RD42015016906.

METHOD OF SEARCH/DESIGN {#sec1-2}
=======================

I searched MEDLINE, EMBASE, clinical trials site (www.clinicaltrials.gov), and Cochrane library, experts were consulted about the latest relevant trials to my search and review.

Searched keywords included (antibiotics before prostate biopsy randomized clinical trial), (prophylactic antibiotics prostate biopsy randomized comparative trial), and (prostate biopsy antibiotic prophylaxis).

Overall 324 studies were found: 67 results for the first keywords, 14 results for the second keywords, and 243 results for the third keywords. Last date of the search was 13^th^ February 2015.

Selection criteria {#sec2-3}
------------------

RCTs with the following interventions were included:

Oral prophylactic ABx versus placebo/no treatmentOral prophylactic ABx versus another oral ABxCombination therapy of two different classes of ABx, e.g., combining Ciprofloxacin with metronidazol versus combination therapy.

And compared dosage, frequency of administration, length of therapy, in reducing infective complications postbiopsy, hospitalization, and ABx-resistant bacteria were eligible.

RCTs which did not exclude patients with the following conditions before the intervention were not eligible: (1) UTI, or urinary symptoms, or positive urine culture/bacteriuria, and (2) urinary catheter, or stent.

Definitions {#sec2-4}
-----------

Short course of antibiotic(s): Antibiotic(s) given as a single dose, or for 1-dayLong course of antibiotic(s): Antibiotic(s) given for 2--3 days.

RESULTS {#sec1-3}
=======

Eligibility was decided by myself after careful reading and screening of the relevant papers. Thirty-three studies were screened, and full text assessment for eligibility was carried out, data were extracted by myself. After studying the result of my search, 3 authors were contacted through email to give details about their exclusion criteria in their reports (Stacy Loeb, Robert Sabbagh, and Bosquet Sanz), one reply from one author was received.

Twenty-one Studies were relevant to the review. Eleven studies were excluded from this review, these studies are Sabbagh *et al*. 2004,\[[@ref18]\] Bosquet Sanz 2006,\[[@ref20]\], Mari 2007,\[[@ref21]\] Loeb *et al*. 2012,\[[@ref22]\] Chan *et al*. 2012,\[[@ref23]\] and Petteffi 2002\[[@ref24]\] due to insufficient exclusion criteria in these studies. Shigemura *et al*. 2005\[[@ref19]\] were excluded due to inappropriate randomization, Yang *et al*. 2001\[[@ref25]\] and Tekdogan *et al*. 2006\[[@ref26]\] were excluded due to language barrier. Aus *et al*. 1996\[[@ref3]\] were excluded due to very long scheme of ABx (7 days), Cam *et al*.\'s 2008\[[@ref17]\] study was excluded because it examined the intramuscular route, Argyropoulos *et al*. 2007 were excluded because I could not include it in any section of my review \[[Flow Chart 1](#FC1){ref-type="fig"}\].
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Qualified studies for this review were: Linden-Castro *et al*. 2014,\[[@ref27]\] Bateni *et al*. 2013,\[[@ref28]\] Briffaux *et al*. 2008,\[[@ref29]\] Yamamoto *et al*. 2008,\[[@ref30]\] Schaeffer *et al*. 2007,\[[@ref31]\] Argyropoulos *et al*. 2007,\[[@ref32]\] Tobias-Machado *et al*. 2003,\[[@ref33]\] Aron *et al*. 2000,\[[@ref10]\] Isen *et al*. 1999,\[[@ref34]\] Kapoor *et al*. 1998.\[[@ref9]\]

Data on the following outcomes were extracted and evaluated carefully:

Primary outcomes assessed in this review {#sec2-5}
----------------------------------------

Bacteriuria--midstream urine sample with at least 100,000 CFU/ml or more of bacteria, in men.UTI -- infection of the urinary tract with dysuria, frequency, and suprapubic pain.\[[@ref35]\]Fever (high grade or low grade).Bacteremia (bacteria in blood culture).Sepsis -- clinical syndrome caused by bacteremia associated with tachypnea (\>20 breaths/min), fever or hypothermia, tachycardia (\>90 beats/min), and white blood cells count \>12000 cells/mm^3^ or \<4000 cells/mm^3^ or \>10% immature (band) forms.

Secondary outcomes {#sec2-6}
------------------

Hospitalization ratePrevalence of antibiotic-resistant bacteria.

The total population of the studies included in this review is 3012 patients. Geographical distribution of the population reviewed included Mexico, Iran, France, Japan, Brazil, Canada, Italy, Spain, USA, Turkey, and India. Two studies were multicenter (Kapoor 1998, Schaeffer 2007), five studies lost patients due to various reasons, these trials are: Kapoor 1998, Schaeffer 2007, Bateni 2013, Castro 2014, Briffaux 2008 \[[Table 1](#T1){ref-type="table"}\].
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Details of the selected studies {#sec2-7}
-------------------------------

Overall nine RCTs were eligible for this systematic review (Bateni *et al*. 2013, Briffaux *et al*. 2008, Yamamoto *et al*. 2008, Schaeffer *et al*. 2007, Tobias-Machado *et al*. 2003, Aron *et al*. 2000, and Isen *et al*. 1999, Kapoor *et al*. 1998) as mentioned above, with a total of 3012 patients.

Two studies contained three arms, one study contained four arms, and six studies had two arms.

One study investigated placebo versus 1 dose of ciprofloxacin 500 mg (Kapoor 1998), one study investigated no treatment versus single dose of ofloxacin 400 mg versus single dose of trimethoprim-sulfamethoxazol (TMP-SMX) (Isen 1999), Aron 2000 investigated placebo versus single dose of combination therapy (ciprofloxacin 500 mg plus Tinidazol 600 mg) versus 3 days of the same combination therapy.

Tobias-Machado 2003 studied single dose of ciprofloxacin 500 mg versus 3 days of the same antibiotic versus 3 days of chloramphenicol 600 mg versus 3 days of norfloxacin 400 mg. Schaeffer 2007 investigated 1-day of ciprofloxacin 1000 mg extended release versus. Three days of the same antibiotic.

Briffaux 2008 studied single dose of ciprofloxacin 500 mg versus 3 days of the same medication. Yamamoto 2008 studied 2 days of tusofloxacin 300 mg versus levofloxacin 200 mg with the same duration of therapy. Bateni 2013 examined single dose of combination therapy (ciprofloxacin 500 mg plus two tablets of metronidazole 250 mg) against 3 days of the same combination, and Castro 2014 studied single dose of levofloxacin 500 mg versus 3 days regimen.

Five studies examined ciprofloxacin, three studies contained another type of quinolone, and one study examined ciprofloxacin versus another type of quinolone.

Four studies contained other ABx than quinolones, one study had TMP-SMX, another one contained chloramphnicol 600 mg, and two studies contained nitro-imidazols (metronidazol 250 mg, tinidazol 600 mg).

The enema was used in five studies, three studies did not use it, and in one study nothing was mentioned about enema, so it was not clear if it was used or not. All included studies reported the number of samples taken during the biopsy or the mean number of cores, except one study (Aron 2000). The size of the needle used during the procedure was mentioned in five studies out of the selected nine. Utilization of TRUS guided biopsy was reported in six studies, one study utilized digitally guided TRPB, and in two studies it was not clear which technique was used.

Follow-up visits were mentioned in all nine RCTs, which ranged from 48 h to 3 weeks.

Symptoms were assessed by a questionnaire in two studies (Isen 1999, Briffaux 2008), International Prostate Symptoms Score was used in Bateni 2013.

Patients mean age was mentioned in eight studies, the mean age of the total cohort of these eight studies was 67.3 years.

DATA SYNTHESIS {#sec1-4}
==============

Section 1 -- oral antibiotics versus placebo/no treatment {#sec2-8}
---------------------------------------------------------

In this section, data were extracted from three studies (Kapoor 1998, Isen 1999, Aron 2000) with a total number of patients being 898.

The summary of the findings is shown in \[[Chart 1](#C1){ref-type="fig"}\].
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### Bacteriuria {#sec3-1}

Bacteriuria was examined in two studies (Kapoor 1998, Isen 1999), with 667 patients. Placebo/no treatment arms had 25 incidents out of 253 patients (9.88%). While in patients who received ABx, the incident of bacteriuria was 11/314 patients (3.5%). There was a remarkable difference in favor of ABx usage. Relative risk: 0.3764, 95% confidence interval (CI): 0.1886--0.7510, *P* = 0.0056.

### Urinary tract infection {#sec3-2}

UTI events were recorded in all three studies. Patients in the placebo/no treatment arms had 32 events out of 328 patients (9.75%). Patients assigned to receive ABx in all three studies had overall 21 UTI events out of 470 investigated patients (4.46%). A significant difference was found and favored the usage of ABx. Relative risk: 0.4812, 95% CI: 0.2823--0.8202, *P* = 0.0072.

### Fever {#sec3-3}

Information about fever can be found in two studies (Kapoor 1998, Aron 2000) out of the three, with a cohort number of 788. In placebo/no treatment arms 9 out of 305 (2.95%) had fever shortly after the biopsy. In ABx arms collected data from the two studies indicated that 5 out of 383 (1.30%) patients had fever. There was no remarkable difference between the groups. Relative risk: 0.4496, 95% CI: 0.1522--1.3280, *P* = 0.1480.

### Bacteremia {#sec3-4}

In this section of our review only Aron 2000 reported this outcome, with 231 patients, 2 patients out of 75 patients in the placebo arm had this complication, overall 2.66% of patients who received placebo had bacteremia.

In the ABx arms, 1 patient had bacteremia (1/156, 0.64%), and he was found in the group who received 3 day course of prophylactic ABx, no significant difference was found. Relative risk: 0.2452, 95% CI: 0.0226--2.6628, *P* = 0.2480.

### Sepsis {#sec3-5}

Data on sepsis can be collected from two studies (Kapoor 1998, Aron 2000), with a total of 788 patients. Six patients who did not receive antibiotic had septic incident out of 305 (1.96%). In the ABx arms only one patient out of 383 patients had this complication (0.26%). There was no significant difference. Relative risk: 0.1350, 95% CI: 0.0163--1.1153, *P* = 0.0631.

### Hospitalization rate {#sec3-6}

Hospitalization occurred anytime during the follow-up was reported in Isen 1999 and Kapoor 1998 with 667 patients.

In the placebo/no treatment arms, 7 patients were hospitalized. The overall incident is 7/328 (2.13%). On the contrary, the ABx arms of the three studies had only one case of hospitalization 1/470 (0.21%). A significant difference was found in favor of ABx. Relative risk: 0.1151, 95% CI: 0.0143--0.9295, *P* = 0.0425.

### Antibiotics-resistance {#sec3-7}

This outcome was reported in Aron 2000, no resistant bacteria to ciprofloxacin was detected.

Section 2 -- single dose versus 3 days regimen in trans-rectal prostate biopsy {#sec2-9}
------------------------------------------------------------------------------

In this section, studies which investigated 1 dose regimen and compared it to 3 days were reviewed. Five studies were included in this part of the systematic review, Aron 2000, Tobias-Machado 2003, Schaeffer 2007, Briffaux 2008, and Castro 2014 with overall 1922 patients.

### Bacteriuria {#sec3-8}

This event was reported in Schaeffer 2007 and Briffaux 2008 with 819 patients. There were 17 events in the single dose arm (4.87%), and 10 events in the 3 day regimen cohort (2.85%). No significant difference was found. Relative risk: 1.7552, 95% CI: 0.8153--3.7782, *P* = 0.1504.

### Urinary tract infection {#sec3-9}

This outcome was reported in all of the reviewed studies. Twenty-one patients had this complication after TRPB in the single dose arms out of 697 patients. In the 3 days course regimen, 19 patients suffered from UTI out of 693 patients. No significant difference was found \[[Table 2](#T2){ref-type="table"}\]. Relative risk: 1.0989, 95% CI: 0.5961--2.0257, *P* = 0.7624.
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### Fever {#sec3-10}

This outcome was reported in Aron 2000, Tobias 2003, and Castro 2014 with 1103 patients. Data about fever were unclear in Schaeffer 2007. Thirteen patients in each single dose arm and the 3 days course arm had this event, the difference was extremely tiny. Relative risk: 0.9861, 95% CI: 0.4636--2.0975, *P* = 0.9711.

### Bacteremia {#sec3-11}

Data about this complication can be extracted from three studies (Aron 2000, Tobias 2003, Schaeffer 2007) with 985 patients. One case of bacteremia was reported in the single dose regimen and in the 3 days. Almost no difference was found. Relative risk: 0.9178, 95% CI: 0.0576--14.6147, *P* = 0.9516.

### Sepsis {#sec3-12}

Aron 2000 reported one case of this outcome in the 3 days regimen group (1/77, 1.29%, and 0/79). In Castro 2014, 2 patients had this complication in the single dose cohort, while no case was reported in the 3 days regimen cohort. Overall 2 reported in the single dose cohort (2/284, 0.70%), and 1 case in the 3 days regimen cohort (1/297, 0.33%), no remarkable difference was found. Relative risk: 1.0458, 95% CI: 0.0657--16.6405, *P* = 0.9747.

### Hospitalization {#sec3-13}

Data about this end point can be found in Tobias 2003 and Castro 2014 with 872 patients. Castro 2014 stated that patients with febrile UTI were hospitalized, so in this section we added the number of patients who had febrile UTI episodes from Castro\'s study. While in Tobias 2003, noone was hospitalized from groups 1 and 2. Overall 9 out of 269 (3.34%) in the single dose cohort, and 10 patients out of 266 (3.75%) in the 3 day regimen cohort were hospitalized. No significant difference was noticed. Relative risk: 0.8900, 95% CI: 0.3675--2.1552, *P* = 0.7961.

### Antibiotics-resistant bacteria {#sec3-14}

Data about this outcome was reported in four studies with 1665 patients. In Aron 2000, no incident of ABx-resistance was found. In schaeffer 2007, 5 isolates were resistant to ciprofloxacin (4 *E. coli*, 1 Staphylococcus aureus) in the single dose group (5/210, 2.38%), in the 3 days group, no event was reported. In Briffaux 2008 reported three resistant isolates (*Enterococcus faecalis, Morganella morgana*, and *E. coli*), one in group 1, and two in group 2, all were resistant to ciprofloxacin (1/139, 0.71%, 2/149, and 1.34%). No case of this complication was reported in Castro 2014. No significant difference was shown. Relative risk: 3.0664, 95% CI: 0.6212--15.1358, *P* = 0.1690 \[[Chart 2](#C2){ref-type="fig"}\].

![Outcomes of the review in single dose cohort versus 3 days, in percentage (%)](UA-7-417-g005){#C2}

Section 3 -- single dose versus multiple dose regimen in trans-rectal prostate biopsy {#sec2-10}
-------------------------------------------------------------------------------------

In this section, 1 reviewed studies which compared patients who received a single dose of ABx, with those who received multiple doses. Six studies were included (Aron 2000, Tobias-Machado 2003, Schaeffer 2007, Briffaux 2008, Bateni 2013, and Castro 2014) with overall 2102 patients. Summary of this section can be found in \[[Chart 3](#C3){ref-type="fig"}\].

![Outcomes of the review in single dose versus multiple dose regimen](UA-7-417-g006){#C3}

### Bacteriuria {#sec3-15}

This outcome can be found in three studies (Schaeffer 2007, Briffaux 2008, Bateni 2013) with 999 patients. Combining the results of the three studies shows that 29 patients in the single dose groups had this incident out of 430 (29/429, 6.75%), while in the multiple dose group 14 events occurred out of 430 patients (14/430, 3.25%), multiple dose regimen was more effective to reduce this outcome. Relative risk: 2.0081, 95% CI: 1.0755--3.7493, *P* = 0.0286.

### Urinary tract infection {#sec3-16}

Data on UTI events can be collected from the six studies, there was no difference between the two groups. [Table 3](#T3){ref-type="table"} illustrates the results of this outcome, no significant difference was found. Relative risk: 0.9698, 95% CI: 0.5883--1.5988, *P* = 0.9043.

###### 

UTI events in the single dose versus multiple dose course

![](UA-7-417-g007)

### Fever {#sec3-17}

Information about fever can be collected from five studies (Aron 2000, Tobias 2003, Schaeffer 2007, Bateni 2013, and Castro 2014) with 1680 patients. There was no significant difference between the two groups. Relative risk: 1.0631, 95% CI: 0.5573--2.0277, *P* = 0.8527.

### Bacteremia {#sec3-18}

Findings of this outcome can be found in four studies (Aron 2000, Tobias 2003, Schaeffer 2007, and Bateni 2013) with a total of 1165 patients. No extreme difference was found. Relative risk: 6.3014, 95% CI: 0.7389--53.7408, *P* = 0.0923.

### Sepsis {#sec3-19}

Data about this outcome were collected from three studies (Aron 2000, Bateni 2013, and Castro 2014) with 1026 patients. Over all 5 cases in the single dose cohort had sepsis out of 364 patients (5/364, 1.37%), while in the multiple dose cohort 1 case was reported (1/377, 0.26%), no significant difference was found. Relative risk: 5.1220, 95% CI: 0.6013--43.6329, *P* = 0.1350.

### Hospitalization {#sec3-20}

Data about this outcome can be extracted from three studies (Castro 2014, Bateni 2013, and Tobias 2003) with overall 1052 patients. 11 out of 349 were hospitalized in the single dose division (11/349, 3.15%). On the other hand, 11 hospital admissions occurred out of 493 patients (2.02%) in the multiple dose cohort, there was no remarkable difference. Relative risk: 1.4000, 95% CI: 0.6137--3.1938, *P* = 0.4239.

### Antibiotics-resistant bacteria {#sec3-21}

Data about the prevalence of ABx-resistant bacteria can be found in five studies (Castro 2014, Bateni 2013, Briffaux 2008, Schaeffer 2007, and Aron 2000) with 1845 patients. There was a remarkable difference between the two groups in favor of the multiple dose regimen. Relative risk: 5.5380, 95% CI: 1.2318--24.8978, *P* = 0.0256.

Section 4 -- single dose of combination therapy (quinolone and nitro imidazole) versus multiple dose of combination therapy (quinolone and nitro imidazole) {#sec2-11}
-----------------------------------------------------------------------------------------------------------------------------------------------------------

In this section, 1 reviewed studies which examined single dose of ABx combining ciprofloxacin with other nitroimidazole (metronidazole or tinidazol) and compared it to multiple doses course of the same combination. Two studies addressed this issue, Bateni 2013, and Aron 2000 with overall 411 patients randomized to different arms. Summary of this section can be found in \[[Chart 4](#C4){ref-type="fig"}\].

![Outcomes of the review in single dose versus multiple doses of combination therapy, in percentage (%)](UA-7-417-g008){#C4}

### Bacteriuria {#sec3-22}

Data were found only in Bateni 2013 with 180 patients. In the single dose group 12 patients out of 80 had this outcome (12/80, 15%), while in the multiple dose regimen, 4 patients out of 80 had it (4/80, 5%), there was no significant difference. Relative risk: 2.73, 95% CI: 0.91--8.16, *P* = 0.0706.

### Urinary tract infection {#sec3-23}

Information about this end point can be extracted from both studies, Aron 2000 and Bateni 2013. In Aron *et al*. 2000, 4 patients in the single dose group had UTI events out of 79 (4/79, 5.06%). In the 3 days group of the same study 6 patients out of 77 had it (6/77, 7.79%). In Bateni *et al*. 2013, 6 patients out of 80 in the single dose group, had UTI events without fever (6/80, 7.5%). While in the multiple dose group, 1 patient out of 80 had it (1/80, 1.25%), there was no significant difference. Relative risk: 1.3863, 95% CI: 0.5406--3.5550, *P* = 0.4966.

### Fever {#sec3-24}

This outcome was reported in both studies. In Aron 2000, 2 patients in each group had fever (2/79, 2.53%, 2/77, and 2.59%). On the other hand, Bateni reported 3 cases of feverish patients out of 80 in the single dose arm, while no patients had this event in the multiple doses (3/80, 3.75%). There was no remarkable difference. Relative risk: 2.42, 95% CI: 0.4771--12.3124, *P* = 0.2857.

### Bacteremia {#sec3-25}

This outcome was reported in both reviewed studies. In Aron 2000, only one patient in the multiple dose group had bacteremia (1/77, 1.29%), while in the single dose group, no one had this outcome. In Bateni 2013, 3 feverish patients had positive blood cultures, these patients were randomized to receive a single dose of combination therapy (3/80, 3.75%). To the contrary, no patients in multiple dose group had this event. No remarkable difference was seen. Relative risk: 2.9259, 95% CI: 0.3076--27.8321, *P* = 0.3502.

### Sepsis {#sec3-26}

This outcome was reported in both studies. In Aron 2000, one patient in the multiple dose group had a fever with bacteremia (sepsis) out of 77 (1/77, 1.29%), while in the single dose division no one had this complication. In Bateni 2013, the author mentioned that the three patients with fever from the single dose arm had *E. coli* in their blood culture (3/80, 3.75%), while the multiple dose arm did not have any event, no huge difference was found. Relative risk: 2.9259, 95% CI: 0.3076--27.8321, *P* = 0.3502.

### Hospitalization {#sec3-27}

Information about this outcome can be found in Bateni 2013. Two of the three feverish patients from the single dose group had to be admitted to the hospital (2/80, 2.5%), no one was admitted from the multiple dose arm, there was no remarkable difference between the two groups. *P* = 0.3038.

### Antibiotics-resistant bacteria {#sec3-28}

Both studies reported the results of this outcome. In Aron 2000, all isolates were susceptible to ciprofloxacin. In Bateni 2013, five patients (2 with UTI, 3 with fever) in the single dose arm had ciprofloxacin resistant isolates (4 *E. coli*, 1 *Pseudomonas spp*.) out of 80 patients (5/80, 6.25%), while in the cohort who received multiple doses of combination therapy, they did not report any antibiotic-resistant organism, no significant difference was recognized. *P* = 0.1053.

Section 5 -- quinolones versus other antibiotics {#sec2-12}
------------------------------------------------

In this section, data can be found in two studies, Isen 1999 and Tobias-Machado 2003 with 367 patients. A summary of this section is shown in \[[Chart 5](#C5){ref-type="fig"}\].

![Outcomes of this review in patients who received prophylactic quinolones versus patients who received other prophylactic antibiotics (chloramphenicol, trimethoprim-sulfamethoxazole), in percentage (%)](UA-7-417-g009){#C5}

### Bacteriuria {#sec3-29}

Data about this end point can be found in Isen 1999 with 110 patients. Three of 45 patients who received TMP-SMX had positive cultures, 2 *E. coli*, and 1 *E. faecalis*, while in the ofloxacin arm 2 patients out of 42 had positive cultures, one with *E. coli* and the other with *Staphylococcus* coagulase, no remarkable difference was found. Relative risk: 0.72, 95% CI: 0.12--4.15, *P* = 0.72

### Urinary tract infection {#sec3-30}

This end point can be extracted from both studies. In Tobias\'s study, nine events occurred in the chloramphenicol\'s arm (9/71, 12.6%) and four UTI events in quinolones arms (4/186, 2.15%). While in Isen *et al*., 2 incidents were reported in the Ofloxacin\'s arm and 3 incidents in the TMP-SMX arm. Overall 6 events occurred in patients who received quinolones out of 228 (6/228, 2.63%), while 12 events occured out of 116 patients who received other classes of ABx (12/116, 10.34%), there was a significant difference and the results showed that quinolones are better in preventing UTI. Relative risk: 0.27, 95% CI: 0.10--0.71, *P* = 0.0079.

### Fever {#sec3-31}

Data about fever can be found only in Tobias 2003, with 257 patients. In quinolones arms, 7 patients had fever out of 186 (7/186, 3.76%). On the other hand, chloramphenicol\'s arm had 3 feverish patients out of 71 (3/71, 4.22%), no remarkable difference was found. Relative risk: 0.77, 95% CI: 0.19--3.00, *P* = 0.7075.

### Bacteremia {#sec3-32}

Information about this end point can be found in Tobias 2003. One patient in the Chloramphenicol\'s arm had bacteremia (1/71, 1.40%), and one had it in the quinolones arm. The isolate was Staphylococcus epidermidis in the quinolones arm (1/186, 0.53%), no remarkable difference was found. Relative risk: 0.38, 95% CI: 0.024--6.07, *P* = 0.4977.

### Sepsis {#sec3-33}

Was not reported in any study.

### Hospitalization {#sec3-34}

This outcome was reported in both studies, In quinolones arms no patient was admitted to hospital, while one patient in the chloramphenicol arm was hospitalized due to bacteremia, and no one in the TMX arm had this event (1/116, 0.86%), no significant difference was shown. *P* = 0.2795.

### Antibiotics-resistant bacteria {#sec3-35}

Was not reported.

DISCUSSION {#sec1-5}
==========

Regimens of prophylactic ABx is still an issue of debate in urology. Several authors tried to investigate durations of therapy and other techniques to lower infectious complications after TRPB. Ghafoori *et al*. found that rectal cleansing with povidone-iodine can reduce infective complications after the biopsy,\[[@ref36]\] while using disposable needle was not successful in diminishing it.\[[@ref37]\] Studies about prebiopsy enema gave conflicting results.\[[@ref38][@ref39]\] Other studies gave a promising future for targeted prophylactic ABx.\[[@ref40][@ref41]\] This systematic review strictly focused on oral prophylactic ABx, and contained five sections.

The first section of this review which investigated prophylactic ABx versus placebo or no treatment, results showed that ABx decreased all the infectious outcomes, especially bacteriuria (3.5% vs. 9.88%) and UTI (4.46% vs. 9.75%). Hospitalization was reduced in the ABx cohort which is an economic advantage of the ABx usage, in addition reducing hospitalization rate would lead to a lower rate of hospital-acquired infections.

Zani *et al*.\[[@ref42]\] published a review and meta-analysis which showed that ABx reduced all infectious complication (bacteriuria, bacteremia, fever, and UTI) and hospitalization more than placebo/no treatment.

Similarly, Bootsma *et al*.\[[@ref11]\] found that ABx reduce postbiopsy bacteriuria, but they did not find a strong evidence that ABx reduce fever, bacteremia, and symptomatic UTI.

In the second section, results show that there is no significant difference between the two different regimens in all the outcomes of the review. In fact, the single dose regimen prevented more fever, bacteremia, and hospitalization than the 3 days regimen.

Loeb *et al*.\[[@ref43]\] findings support these results. No significant advantage was found by using ABx for more than 1-day to reduce infectious complications in Loeb\'s review, but they included in their review RCTs without exclusion criteria,\[[@ref18][@ref24]\] an RCT with inappropriate randomization.\[[@ref19]\]

In the third section, single dose regimen versus the multiple doses were reviewed. The finding of the review showed that there is no significant difference between the single dose regimen and the multiple dose in UTI, fever, bacteremia, and hospitalization rate, while bacteriuria events and the prevalence of Abx-resistant bacteria were significantly decreased in the multiple dose cohort.

Zani *et al*.\[[@ref42]\] found that there is no significant difference between multiple dose regimen and the single dose, except in bacteriuria in the benefit of the multiple dose therapy. Their results also showed that the multiple dose regimen had lower rates of fever, UTI, sepsis, and hospitalization, which is in agreement with the results of my review.

Some studies proposed that recent hospitalization, and diabetes mellitus increase the risk of hospitalization postbiopsy.\[[@ref12][@ref44]\] In the second section of my review, the rate of hospitalization was 3.34% in the single dose cohort, 3.75% in the 3 days cohort. Zani *et al*. found that 1.65% of patients who received 1-day regimen were hospitalized while none was hospitalized in the 3 days regimen.

In the third section, the results were almost identical to the second section with 3.15% of patients hospitalized in the single dose group, and 2.02% in the multiple doses.

In the fourth section of the review, single dose regimen of combination therapy was compared to the multiple doses. The results indicated that the multiple dose regimen is more effective in preventing all the infective outcomes of the review, hospitalization rate, and the prevalence of ABx-resistant bacteria (0% vs. 3.14%), but the difference was not significant.

In a study conducted by Adibi *et al*.,\[[@ref45]\] it was shown that combination therapy was cost-effective in preventing hospitalization.

In the fifth section, oral quinolones were compared with other oral classes of ABx (chloramphenicol, TMP-SMX). There was no significant difference between quinolones and other classes of ABx except in UTI (2.36 vs. 10.34%).

In a meta-analysis conducted by Yang *et al*.,\[[@ref46]\]12 studies were included with 1987 patients, they found that quinolones, co-quinolone plus nitroimidazole, and co-TMP-SMX are similarly effective to reduce bacteriuria, bacteremia, and middle degree fever.

The prevalence of ABx-resistant bacteria has increased in recent years.\[[@ref47]\] Previous quinolones consumption was associated with extended-spectrum β-lactamase-producing *E. coli*,\[[@ref48]\] targeted ABx therapy is getting popularity, but further studies are required to investigate the best tool for the detection of resistant *E. coli* before the biopsy.\[[@ref49]\] In a randomized European study, the highest bacterial resistance was against TMP-SMX, and Amoxicillin.\[[@ref22]\] In this review Abx-resistant bacteria was diagnosed more often in the short course regimens (0.94% vs. 0.30%, 1.54% vs. 0.27%, and 3.14% vs. 0%). Moreover, the difference was significant in the third section (1.54% vs. 0.27%) in favor of the long course regimen.

The cause of this result is unknown, all the included studies in the third section excluded patients who received ABx during the last 1--2 weeks before the biopsy, except one study,\[[@ref10]\] but no incident of bacterial resistance was reported in this study. This interesting and surprising result needs more studies to confirm it.

PRACTICAL IMPACT OF THE REVIEW {#sec1-6}
==============================

There is no doubt now that ABx decrease infective complications. The length of ABx therapy will depend on the patient\'s risk factors and the urologist in charge, but in healthy individuals or in individuals with minimal risk factors it is appropriate to prescribe single dose or 1-day regimen. Other ABx classes than quinolones could be used as a prophylaxis in TRPB.

CONCLUSION {#sec1-7}
==========

The review confirms that prescribing prophylactic ABx in TRPB is an adequate practice. There is undoubtful evidence that single dose regimen is equally effective as the multiple and the 3 days dose to prevent infective outcomes of the review. Quinolones decreased only UTI events more efficiently than other classes of ABx. Surprisingly, ABx-resistant bacteria was detected more often in the short course cohorts, more studies should be carried out to confirm this finding.
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